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Abstract. ROSAT HRI observations of 3C 273 reveal X- 
ray emission all along the optically visible jet with the 
peak of emission at the inner end. Whereas the X-ray emis- 
sion from the innermost knot A is consistent with a con- 
tinuation of the radio-to-optical synchrotron continuum, a 
second population of particles with higher maximum en- 
ergy has to be invoked to explain the X-ray emission from 
knots B, C and D in terms of synchrotron radiation. In- 
verse Compton emission could account for the X-ray flux 
from the hot spot. We detect a faint X-ray halo with a 
characteristic scale of 29 kpc and particle density on the 
order of 6 x 10 4 m~ 3 , higher than previously thought. 
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1. Introduction 

Jets in extragalactic radio sources play a central role in 
our understandi ng of t he nature of these enigmatic sources 
(Begelman et al. 1984 , Roser et al. 1993 ) as they mark the 
channels through which mass, energy and momentum are 
transported out from the nucleus into the extended ra- 
dio lobes. The detailed physical conditions in the jets are 
still unknown since their synchrotron emission at radio 
frequencies provides little information about the emitting 
plasma. However, of the more than 100 extragalactic ra- 
dio jets known (Bridle & Perley 1984) only three are read- 
ily detectable at frequencies higher than the radio band. 
The two objects with the brightest optical jet emission are 
M 87, a radio galaxy, and 3C 273, a quasar. Due to this 
wide wavelength coverage we can expect that basic infor- 
mation about the physical conditions giving rise to the 
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* Based on observations with the ROSAT X-ray satellite and 
also on data collected with the VLA (The National Radio As- 
tronomy Observatory is a facility of the National Science Foun- 
dation operated under cooperative agreement by Associated 
Universities, Inc.) and at the European Southern Observatory, 
Chile (ESO N° 51-2-021). 



synchrotron emission can be derived, most importantly 
the maximum energy of the radiating particles. 

We have therefore embarked on a detailed study of 
the jet of 3C 273 at the best angular resolutions currently 
available across the electromagnetic spectrum using the 
VLA and MERLIN at radio wavelengths, HST at opti- 
cal and near-infrared and ROSAT at X-ray wavelengths 
(for a preliminary presentation of some of these data see 
Roser et al. 1997). Whereas the synchrotron origin of 



the radio, infrared and optical emission is now firmly es- 
tablished (Conway & Roser 1991, Roser & Meisenheimer 



1991) it is the origin of the X-rays that is least understood. 



The most detailed X-ray study of this jet is due to Harris 



Stern (1987), who carefully analysed an EINSTEIN HRI 



observation with 95 ksec integration time. Although they 
marginally detected a signal from the jet, none of their 
attempts to interpret the X-ray emission proved satisfac- 
tory. Our ROSAT observations were primarily aimed at 
verification and interpretation of the jet's X-ray emission. 

2. The jet of 3C 273 at radio to optical 
wavelengths 

As indicated in Figure]!], the radio jet is detected all the 
way from the core out to the hot spot. The faint optical 
structure, however, although coinciding in position angle 
with the line joining radio components A (hot spot) and 
B (core), seems to be detectable only outwards of » 11". 
It also terminates about 1" before the peak in the ra- 
dio hot spot is reached. At the quasar's redshift of 0.158 
the projected length is «60kpc[|. Greenstein & Schmidt 
( |1964| ) in their detailed study of 3C 273 and 3C 48 briefly 
discuss also this jet. Their spectrum of its outer end exhib- 
ited a featureless blue continuum and they assumed the 
optical radiation is of the same origin as the radio emis- 
sion, i.e. synchrotron radiation from relativistic particles. 



This was proven by Roser & Meisenheimer (1986, 1991) 



using optical polarimetry. Further hints about the syn- 
chrotron emission are provided by studies of the spatially 



We assume qo = 0.1 and Ho = 65 km/sec/Mpc, so 1" cor- 
responds to 2.67 kpc 
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Fig. 1. The quasar 3C273 at radio (left) and optical (right) wavelengths. The main morphological features are indi- 
cated. The radio jet terminates in the bright radio hot spot at a distance of 21'.' 3 from the core. The faint extensions 
visible to the north of both ends of the optical jet are not detected at radio wavelengths. 



resolved continua of individual knots in the jet. Meisen- 
heimer & Heavens ( |1986| ) present a simple model describ- 
ing the global shape of the continuum including an expo- 
nential cut-off observed in the hot spot at the jet's outer 
end reflecting the maximum energy gained by the rela- 
tivistic particles. Applying this model to the other knots 
in the jet indicates that we also see distributions of rela- 
tivistic particles truncated at some maximum energy, ex- 
cept for the innermost visible knot (Meisenhcimer et al. 



1996), which essentially has no cut-off at all. In view of 



these results th e mar ginal detection of X-ray emission by 
Harris & Stern ( 1987 ) would naturally be associated with 
this innermost knot, although they place the centroid of 
the X-ray emission further out. 

We have therefore used the ROSAT HRI with its bet- 
ter spatial resolution and sensitivity to verify the X-ray 
emission from this jet and to gain further insight into the 
emission mechanism. 



3. ROSAT Observations 

The data were collected in two observing cycles. In a 
17.991 ksec integration (January 1992) we clearly detected 
the jet without any image processing (see Figure^). As the 
signal-to-noise ratio (S/N) was not sufficient for detailed 
studies, 3C273 was re-observed in December 1994/Jan- 
uary 1995 for a total of 68.154ksec (quoted times as "ac- 
cepted" by the ROSAT standard reduction analysis). 
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Fig. 2. Unprocessed image of 3C 273 from the first observ- 
ing block clearly showing the jet towards the SW. 



3.1. Improving the resolution 

Images (sky pixel size 0'.'5) have been produced from the 
event tables using the EXSAS package provided from the 
ROSAT group at MPE in Garching. However, the result- 
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CENT_X (sky_pix) 

Fig. 3. Centroids of the quasar photons for all lOsec in- 
tervals of observing block 2. 



ing point-spread function turned out to be unsatisfactory. 
Whereas in the call for proposals the integral point re- 
sponse function of the ROSAT-XTE + HRI was quoted 
to have a width of 5", the FWHM of the images as pro- 
duced from the raw data was typically larger than 6". 
This discrepancy is due to inaccuracies in the aspect solu- 
tion, which determines the sky coordinates for each pho- 
ton detected. Obviously in the standard aspect solution 
the spacecraft wobble with a period of 402 sec is not com- 
pletely corrected for (see Figure ||). 

With a count rate in the HRI of 2.8cts/sec the signal 
from the quasar core itself is sufficiently strong to allow 
a shift-and-add procedure as follows: All integrations are 
divided into time bins of 10 sec duration and the centre 
of gravity of the photons from the quasar core are calcu- 
lated for each interval. Photons were restricted to a raw 
amplitude between 2 and 8, typical for the quasar. The 
average accuracy of the centroid positions was 0'.'64 in X 
and 0'.'70 in Y-direction. The interval of 10 sec was a com- 
promise between sufficient time resolution and positional 
accuracy. These offsets from the nominal centre position 
as a function of time directly correspond to the remnant 
pointing errors due to the insufficiently corrected wobble 
motion. They were interpolated in time by splines and 
the detected position of every photon was corrected as a 
function of its arrival time. 

For comparison the same procedure was applied to 
eight data sets from the ROSAT archive for the white 
dwarf HZ 43, which is definitively a point source. To de- 
rive the radial image profile, each data set was sampled 
on concentric circles around the quasar respectively white 
dwarf with radii in steps of 0'.'5. For each circle a con- 
stant was fitted to the data giving the azimuthally av- 
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Fig. 4. Isophote plot of the final image (left). Contours 
are at 2, 3, . . . 8, 16 . . . 1024, 1124, . . . 1824 counts. Note 
the jet to the SW and the source to the NE of the quasar. 
An elongation of the isophotes in the general direction of 
the jet is evident. 



eraged intensity profile. The "core" of these profiles was 
decomposed by a least-square-fitting procedure into two 
Gaussians, neglecting the very extended exponential com- 
ponent discussed in the HRI calibration report (David et 
al. 1999). The shape of the point-spread- function (PSF) 
in the raw images changed from observation to observa- 
tion. But as can be seen from Table [i] the profile of the 
de-jittered images was constant within the error. As indi- 
cated in Tabled and demonstrated by Figure || and Fig- 
ure|6[ the resolution could be enhanced to 4'.'5 this way. A 
similar procedure was described by Morse (1994). 



From this analysis we conclude that there is no dis- 
cernable difference in the core profile between quasar and 
white dwarf in the averaged intensity profiles, i.e. the 
quasar core is unresolved at X-rays. Only in the halo the 
intensity of the quasar is slightly above the normalized 
white dwarf profile. 

3.2. Fitting the quasar's point- spread- function 

The X-ray signal from the jet of 3C 273 is very weak and 
is located in the wings of the complicated point-spread- 
function of the bright quasar core (total intensity ratio 
400:1). Therefore the X-ray emission from the jet has to be 
isolated from this underlying point-spread-function back- 
ground. Using the azimuthally averaged profiles derived 
above to analyse the point-spread-function is not suffi- 
ciently accurate to isolate the jet's weak signal and mea- 
sure its flux. A better model of the point-spread-function 



4 



Roser et al: 3C273 with ROSAT HRI 



HZ 43 


At 


FWHM 1 


FWHM 2 


FWHM1 / 


Maxl / 


data set # 


[sec] 


[sky pixel] 


[sky pixel] 


FWHM2 


Max2 


100194 


5806 


7.64 


15.44 


0.49 


1.88 


141873 


9142 


8.40 


18.53 


0.45 


5.57 


142544 


2719 


9.11 


18.93 


0.48 


4.63 


142545 


2569 


8.81 


19.34 


0.46 


5.48 


142546 


5353 


9.48 


20.03 


0.47 


5.47 


142547 


2275 


8.67 


19.17 


0.45 


5.50 


142549 


5884 


9.17 


19.71 


0.47 


5.36 


142550 


2608 


8.62 


18.56 


0.46 


4.59 




average 


8.89 


19.18 








r.m.s. 


0.37 


0.56 






3C 273 data 


85067 


9.065 


19.00 


0.477 





Table 1. Comparison of the point-spread-function for the white dwarf HZ 43 and 3C273 in terms of two Gaussian 
components with widths FWHM1 and FWHM2 (see Figure 5). Units are sky pixels of '.'5. 




Fig. 7. Background subtracted image of 3C 273. The background underneath the quasar is flat and shows the increased 
noise due to the intense signal subtracted. The white rectangle indicates the region over which the jet's X-ray emission 
was summed up. The isophotes clearly show the extent of the X-ray emission all along the jet. 



had to be obtained by fitting the signal sampled along 
concentric circles in four sections by polynomials of or- 
der 3, with section boundaries at 30, 120, 210 and 300°. 
In this way a satisfactory flat background also interior to 
the optically visible jet region is achieved (Figure It 
should be pointed out that the result of the background 
modelling does strongly depend on the model parameters. 
With the current resolution of 4'.' 5 and the steep intensity 
gradients towards the quasar core it cannot be completely 
excluded that the relatively complicated model absorbs a 
moderately extended component in the inner part of the 
jet ( r < 10"). 



3.3. The X-ray signal from the jet 

The count rate of the X-ray emission from the jet was 
derived from the PSF-subtracted image. In a window en- 
compassing the jet we measured 644 counts. The back- 
ground in several windows of the same size and at 
the similar distance to the quasar was measured to be 
(28.6±13.5) counts. We therefore deduce a total jet flux 
of 610 counts in 85068 sec. The same procedure yields 
253 counts for the object to the NE of the quasar. To con- 
vert this to a flux density we integrated a synchrotron 
power-law /„ otv a over the effective collecting area of 
the ROSAT HRI as a function of frequency (effective en- 
ergy 1.17keV corresponding to 2.83 x 10 17 Hz) includ- 
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J flux HZ 43 

sum (C1+C2) 

— C1 
C2 

scaled QSO 



distance from core [arcsec] 

Fig. 5. Radial profile of 3C 273 compared with that of the 
white dwarf HZ 43 (observation #141873) after re-centring 
of the photons (refer also to Table [l]). Not the good coin- 
cidence in the inner part with the sum of two Gaussians 
for both objects. Error bars have been omitted beyond 
24 pixels to bring out the difference bewtween white dwarf 
and quasar halo. 



Knot 


Position ["] 


Flux [njy] 


a = -2 


a = -1 


a = 


A 


13.2 


5.9 


14.4 


22.5 


B 


15.0 


4.7 


11.4 


17.8 


C 


17.2 


1.9 


4.8 


7.5 


D 


19.8 


1.2 


2.9 


4.6 


H 


22.0 


1.2 


3.0 


4.7 


sum 


14.9±1.1 


36.6±2.8 


57.1±4.3 



Table 2. X-ray flux of the jet's components in the ROSAT 
HRI band (at 1.17keV corresponding to 2.83 x 10 17 Hz). 



ing absorption due to a neutral hydrogen column of 
1.8 x 10 20 cm -2 (Otterbein 1992|) usin g the cross-sections 
from Morrison & McCammon (1983) for a solar abun- 
dance. To represent synchrotron emission we used spectral 
indices a = — 1 and —2 and thus obtained an integral 
flux density of (36.6±2.8) and (14.9±1.1) njy for the jet 
and (15.2±1.1) and (6.2±0.5) njy for the object in the NE 
of the quasar. If we assume a spectral index of a = (re- 
sembling thermal bremsstrahlung) the corresponding val- 
ues are (57.1±4.3) njy for the jet and (23.7±1.8) nJy for 
the object in the NE. The error was formally derived from 
the scatter in the background determination. 

Inspection of Figure J?] suggests that the X-ray emission 
from the jet is extended in the radial direction all along 
the visible jet. We therefore rotated the background sub- 
tracted image by 47? 8 around the quasar core to sum the 
jet's signal over the 20 pixel rows encompassing it. The 
resulting trace along the jet is shown in Figure 0. This 




Fig. 6. ROSAT HRI image of 3C273 from the second 
observing block before and after re-centring the photons 
(top). Corresponding images of HZ 43 (#142544) are 
shown for comparison (bottom) . The QSO images are op- 
timised to show the jet, whereas the white dwarf images 
should best show the circularisation of the PSF. 




20 22 
distance from core [arcsec] 



Fig. 8. Trace along the jet. The thin line represents the 
background signal due to the quasar, summed over the 
same area as the jet signal. The thick line is the model fit 
by 5 Gaussians described in the text. 



run of the X-ray emission along the jet was analysed in a 
similar manner a s the optical and radio emission (Roser 
& Meisenheimer 



1991 ): Gaussian profiles with constant 



width of 4'.'5 were placed at the positions of knots A, B, 
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combined with results from our radio-to-optical studies at 
l'/3 resolution (Meisenheimer et al. |1997|, Neumann e< al. 



10" 10 9 10" 10" 10 ,z 10' 3 10 u 10 1S 10 ,B 10" 
frequency v 

Fig. 9. Spectra of the individual knots along the jet of 
3C 273. The spectra of the individual knots were multi- 
plied by constants to shift them vertically for clarity (0.5 
for H, lowest spectrum, 2 for D, 20 for C, 100 for B and 
380 for A, uppermost spectrum). The X-ray points at the 
far right cover the range found for the range in spectral 
index between and —2. These points cannot be a con- 
tinuation of the synchrotron spectra except possibly for 
knot A. The power-law meeting the X-ray point (except 
for knot A) indicates a hypothetical second synchrotron 
component with a spectral index of —0.82 (low frequency 
average over knots A to D) . Such a component would not 
be detectable in currently observed wavebands except the 
X-rays. 



C, D and Hn. Their peak was adjusted via a least square 
fit to represent the trace of X-ray emission along the jet 
(Table |). 

The strongest X-ray signal originates from the posi- 
tions of knots A and B, much weaker emission is found 
further out, possibly out to the hotspot H. Due to the 
steeply rising quasar background, and to uncertainties in 
background modelling mentioned above, the onset of the 
jet's X-ray emission is somewhat uncertain. On the ba- 
sis of our data no X-ray emission is detected from the jet 
inwards of knot A. 

The X-ray source to the NE of the quasar does not 
show any optical counterpart on our deep images, neither 
in the radio nor in the optical. Due to its weakness we 
cannot say if it is extended or not in the X-rays. Its relation 
to 3C 273 and its nature remain unknown. 



4. Origin of the X-ray emission 

To shed light onto the possible emission mechanism(s) giv- 
ing rise to the jet's X-ray emission, the above data were 



1997, Roser & Meisenheimer 1991) to investigate the run 



of the continuum across the electromagnetic spectrum for 
the different regions along the jet. We plot the spectra of 
knots A, B, C, D, and H in Figure^, where the flux was 
multiplied by different factors to disentangle the individ- 
ual spectra in the graph. The continua are model spec- 
tra as described by Heave ns fc Meisenheimer (1987) and 
Meisenheimer & Heavens ( |1986| ). They result from Fermi 
acceleration of particles in a strong shock and include the 
radiation losses in a finite down-stream region. The ex- 
ponential cut-off reflects the maximum energy obtained 
by the particles and is well established for knots B to H 
also by our recent HST WFPC2 data at 300 nm (Jester et 
al, in preparation). It is evident that in general the X-ray 
flux level is not a continuation of the radio-optical syn- 
chrotron cut-off continuum. Therefore different emission 
mechanisms have to be discussed for the individual knots. 



4-.1. Synchrotron radiation from the jet 

Only for knot A does the extrapolation of the radio-to- 
optical continuum approximately meet the X-ray flux 
level. Extrapolation of the A6cm flux with the low fre- 
quency spectral index of knot A (a = —0.83) into the 
ROSAT range predicts an X-ray flux of 32nJy, only a 
factor of roughly two a bove the observed level. Whereas 
in Meisenheimer et al. C|l996f) a lower limit to the cut-off 
frequency for knot A could be set at about 5 x 10 16 Hz, 
we now have to increase this value by about a factor of 50 
(see Figure^. According to standard synchrotron theory 
we can therefore place a new lower limit to the maximum 
energy of the relativistic particles in knot A of 



10 b 



vc I B ± 

1.26 x 10 15 Hz 30nT 



3 x 10 7 



where we have used the minimum energy field of 67 nT. 
For the other knots the primary synchrotron compo- 
nent producing the observed radio-to-optical continuum 
exhibits an exponential cut-off in the optical/UV-range 
(Meisenheimer et al. 1996). To maintain the synchrotron 
scenario also for these regions a second particle population 
with higher maximum energy has to be invoked^]. These 
populations are indicated in Figure^ connecting to the 
ROSAT HRI points with an assumed spectral index of 
a = —0.82, the low-frequency average for knots A to D. 
The required density of relativistic particles in these hypo- 
thetical components decreases outwards along the jet. It is 
a factor of 5 below the density of the particles producing 
the observed radio-to-optical continuum for knot B and a 



Nomenclature introduced by Lelievre et al. ( 198^ ) 



3 Such a secon d syn chrotron component was also suggested 
by Harris et al. (1999) to account for the X-ray emission from 
the jet in 3C 120. 
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factor of 15 and 200 below that in knotC and D, respec- 
tively. The small fraction of relativistic particles make it 
very hard to detect them at e.g. optical wavelengths. How- 
ever, if this second population is confined to some centres 
of very effective acceleration on sub-arcsecond scales, we 
expect to see deviations from the cut-off spectrum in the 
optical spectral index map derived from our HST R- and 
U-band data at a resolution of 0'.'2 (Jester et al. 2000, in 
preparation) . 

4-2. Synchrotron Self-Compton emission (SSC) from the 
jet 

Prime sources for inverse Compton emission are com- 
pact regions with high radio photon densities in the jet, 
for which the hot spot H is the most likely candidate. 
The size of the emission region and the radio flux orig- 
inating from it determine the amount of synchrotron- 
self-Compton emission. We have calculated the inverse 
Compton emission along the lines given by Blumcnthal & 
Tucker ( 1970 ) as follows: The most compact component 
certainly is the hot spot's acceleration region, where the 
optically radiating particles are produced. Its contribu- 
tion to the synchrotron spectrum can be inferred from the 
low-frequency power-law and the high-frequency cut-off. 
The intermediate range with the break in the continuum 
(see Figure^) is dominated by the superposition of the 
down-stream regions, where the relativistic particles al- 
ready have lost part of their energy. Connecting the cut-off 
part smoothly with a power-law of index —0.60 we esti- 
mate the 5 GHz-flux from the acceleration region itself to 
be about 0.1 Jy. From the most recent analysis of the hot 



spot's spectrum by Meisenheimer et al. (1997) we infer a 
thickness of the emission region close to the internal shock 
(Mach disk) of 1.4 pc, the width perpendicular to the jet 
(from our best-resolved radio map) is taken to be 2.2 kpc 
(circular cross-section assumed). For a minimum energy 
field of 35 nT (assumed constant over the entire hot spot 
in the model) we set the density in relativistic particles in 
this volume to reproduce the above estimated A6cm flux 
of 0.1 Jy. Integrating this synchrotron emission over the 
range 10 MHz to 5 x 10 4 GHz (corresponding to Lorentz- 
factors of 100 to 2 x 10 5 ) produces an inverse Compton 
flux of about 1 nJy, to within factors of 2 to 4 what is 
observed (see Table ||). As this is only a rough estimate to 
check the order of magnitude the discrepancy could well 
be removed by fine-tuning the parameter assumed (filling 
factor, geometry). 

For the other knots synchrotron-self-Compton emis- 
sion fails to meet the observed level by orders of magni- 
tude, e.g. for knot A we expect an inverse Compton X- 
ray flux of only 0.01 nJy. As the photon density of the 
microwave background radiation is one order of magni- 
tude less than the synchrotron photon density in all knots, 
its photons cannot account for the X-ray flux via inverse 
Compton scattering either. 



4-. 3. Thermal Bremsstrahlung from the jet 

If future high resolution observations fail to reveal loca- 
tions of v c ^> 10 15 Hz in knots B, C, and D, there remains 
the bremsstrahlung emission from a thermal plasma as 
a last resort to explain the jet's X-ray emission outside 
knot A and the hot spot. A plasma at 10 s K and with an 
electron density of 1 cm -3 spread over the volume of a typ- 
ical jet knot (0'.'5 x 0'.'2 from our HST images, Jester et al. 
2000, in preparation) would produce an X-ray flux in the 
ROSAT window corresponding to 0.01 nJy. Even with this 
unrealistically high electron density this is orders of mag- 
nitude below the observed X-ray flux level. Furthermore 
any sufficiently dense thermal plasma would result in total 
depolarisation of the jet's radio emission and in a substan- 
tial rotation measure. Both are not observed (Conway et 
al. 1993). So thermal bremsstrahlung is highly unlikely to 
account for the observed X-ray flux. 



5. The X-ray halo of 3C 273 

For the comparison of the quasar's profile with that of the 
white dwarf, the normalization constant had been opti- 
mised over the range 3" to 13", where the profiles show 
excellent agreement. However, it is evident from Figure^ 
that the quasar profile lies systematically above the profile 
of the stellar source beyond radii of about 15". Although 
the error of individual data points is large, we regard the 
systematic deviation as real and attribute it to an ex- 
tended X-ray halo of the quasar (3C 273 had been observed 
on-axis, the pointing for HZ 43 was 1' off-axis). To isolate 
the X-ray flux from this halo we have used the scaling from 
Figure H and subtracted the azimuthally averaged HZ 43- 
profilc from the averaged quasar profile (Figure |l0|). This 
differential profile was fitted with a King profile (Jones & 
Forman [1984D 



P(r) = P(0) 1 + (r/a) 



-3*/3+0.5 



with P(0) = 3.6, a = 10"8 = 28.8 kpc, = 0.6758 deter- 
mined from a least square fit to the data points between 
12"5 and 80" from the core. Although the formal errors 
for these parameters are large, we nevertheless used them 
for our numerical estimates, as they describe the data rea- 
sonably well. The King-profile was integrated up to give 
the total X-ray flux from the halo of 232 nJy correspond- 
ing to a luminosity in the HRI band of 3.4 x 10 43 erg/sec 
(spectral index a = assumed). To convert this into an 
estimate of the physical parameters we assumed a plasma 
temperature of 2.7 x 10 7 K as in the M 87 halo (Bohringer 
et al. 1994) and that the plasma is confined with constant 
density to within the core radius. From these assumptions 
a density of 6 x 10 4 H-atoms/m 3 is derived for the central 
part of the halo. This is a factor of 10 above the upper 
limit derived from EINSTEI N obs ervations by Willingale 
as quoted by Conway et al. ( 1981 ). The typical density of 
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the thermal plasma in the cores of rich clusters of galax- 
ies is a factor of 10 below this value (Jones & Forman 



1984) but the density derived above for the halo of 3C 273 
matches the central density of (7±2) x 10 4 m~ 3 derived for 
the central density derived for the intra-cluster medium 

19941 ). 



around CygnusA (Carilli et 




r [arcsec] 



Fig. 10. Azimuthally averaged radial profile of the quasar 
halo's X-ray emission. The fit with a King profile is shown 
between 12'.'5 and 80" from the core. 



6. Conclusions 

ROSAT HRI observations confirm the X-ray emission 
from the jet of 3C 273 as suspected on the basis of the EIN- 
STEIN HRI observations. They furthermore show that the 
X-rays originate from all along the jet, probably includ- 
ing the hot spot. While the jet's radio emission is highly 
peaked towards the outer end, the optical emission is more 
or less constant along the jet. This trend with wavelength 
continues at X-rays in that these are strongly peaked now 
at the inner end (knots A/B). 

Despite the considerably improved data base the prob- 
lems with the interpretation of the jet's X-ray emission 



(see Harris & Stern 1987) still remain. Whereas the X- 
ray emission from the jet of M 87 might well be due to the 



synchrotron emission process (Neumann et al. 1997, Roser 
& Meisenhcimcr 1999), the situation is less clear for the 



jet of 3C 273. An extrapolation of the radio-to-optical syn- 
chrotron continuum could only explain the X-ray emission 
from the innermost knot A, it fails for the rest of the jet. 
Any X-ray emission from the hot spot up to the level we 
found can be accounted for by synchrotron-self-Compton 
emission. The emission mechanism for knots B to D re- 
mains a mystery, as — except for an hypothetical high- 
energy synchrotron component — all three mechanisms 
discussed above cannot account for the X-ray emission. 



The forthcoming observations of 3C 273 by CHAN- 
DRA will provide X-ray data at higher resolution and 
with spectral information. High spatial resolution will test 
if the X-ray emission does indeed coincide with the radio- 
optical synchrotron continuum emission, not necessarily 
the case for thermal bremsstrahlung emission. X-ray spec- 
tra will set important constraints on the emission mech- 
anism mainly via the spectral slope in the X-ray band, 
which could directly reveal a second population of rel- 
ativistic particles emitting synchrotron X-rays. Thus we 
can expect further insight into the mystery of X-ray emis- 
sion from the jet of 3C 273 within the immediate future. 
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